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发挥功能需要耦合 H+的 PRCB 是如何影响的，目前还未见诸报道。本研究中，
我们考察了包括 PRCB 在内的厦门近岸酸化实验菌群结构变化、北极酸化实验
中的 PRCB菌群结构变化、典型 PRCB Vibrio harveyi ATCC BAA-1116 在酸化条
件下的反应，得出了以下几点认识： 
1、通过酸化模拟实验发现，对比 CO2浓度在 2100 年和目前条件下，CO2
浓度分别为 380μatm 和 1000μatm 的两种体系中，厦门近岸海区表层海水中的微
型生物，包括自养生物、异养细菌和浮游病毒的数量与对照组相比未发生明显
变化。 




3、通过考察 PRCB典型菌株 Vibrio harveyi ATCC BAA-1116在 CO2浓度为




































  Marine bacteria are the largest component of biomass in the marine ecosystems, 
which plays a pivotal role in the global cycling of matter and energy metabolism due 
to their variety and huge number. Proteorhodopsin-containing bacteria (PRCB) are a 
functional class of marine bacteria with special features, they can use light to 
generate energy, as well as utilize existing organic matter. Proteorhodopsin (PR) 
protein functions as light-driving proton pump, which can help hosting cells to 
overcome many hard environments, such as carbon source scarcity, insufficient of 
nutrients, lack of inorganic ions, oxygen partial pressure reduction and other 
unfavorable conditions. PR proteins are the "tool kit" for PRCB to respond to the 
changing and complicated environments.  
  Atmospheric concentrations of carbon dioxide caused by human activities 
continues to rise, one of the most serious environmental problems that caused is 
ocean acidification. Ocean acidification will lead to the changes in seawater 
carbonate system, including H
+ 
concentration rise and consequently affects the 
marine microbes in many ways. Researches on the reactions of marine microbial to 
ocean acidification vary and even opposite. Little literature was found on the effects 
of ocean acidification on PRCB that mostly dwell in the upper oceans, which is the 
place that greatest pH change would be expected to occur. In this study, we 
examined the changes in microbial community structure of PRCB in the Arctic 
acidification experiment, community structure changes in the ocean acidification 
manipulation experiment conducted with Xiamen seawater samples, and the 
reactions of Vibrio harveyi ATCC BAA-1116, a typical PRCB strain. The achieved 
progress are following: 
1. Less differences were observed between the planktonic bacteria community 
structure of Xiamen seawater samples under CO2 levels of 380μatm and 1000μatm. 















would occur due to the low temperature. In the experiment conducted in 2010 
summer, we found that the PRCB community structure and relative abundance of 
PRCB clades in the mescosms manipulated by 165μatm, 560μatm and 1500μatm 
CO2 changed irregularly and negligibly. 
3. The examined parameters of Vibrio harveyi ATCC BAA-1116, including optical 
density, cell abundance and cell shape were less affected by CO2 levels of 750μatm 
compared to the ones in 380μatm.  
4. Based on the studies above, we propose that little impacts of ocean acidification 
on PRCB. Most PRCB inhabit in the surface oceans where is a changing and 
complex environment, they might have acquire the ability to accommodate various 
changes in a long evolution process. Our findings agree with the null hypothesis that 
proposed by Joint et al .in 2011. 
  


























碳循环和能量代谢中发挥着非常重要的作用(焦念志, 2006; 焦念志, 2009)，主要
体现在以下几个方面：  
第一，海洋微型生物是地球上第一批“居民”，比人类的到来提前了 35~38
亿年(Brocks et al., 2003)，并且深刻地改造了海洋和大气的成分，使还原状态的
地球变成富氧的、适合后来生物大量繁衍的环境(Anbar and Knoll, 2002)。 
第二，海洋微型生物在驱动碳、氮、磷、硫、铁、硅等生物地球化学元素





BP）(Eppley and Peterson, 1979; Volk and Hoffert, 1985; Raven and Falkowski, 
1999; Chisholm, 2000)，基于微型生物主导的物质和能量传递的微食物环
（Microbial Loop，ML）(Azam et al., 1983; Azam, 1998; Azam and Malfatti, 2007)，
以及最近提出的基于微型生物产生惰性溶解有机碳进而将大气中的二氧化碳长
期封存在海洋中的微型生物碳泵（Microbial Carbon Pump，MCP）(Jiao et al., 2010; 
















图 1.1海洋微型生物在各元素生物地球化学循环中发挥重要作用(Azam and 
Malfatti, 2007) 
Fig.1.1 Microbial structuring of a marine ecosystem (Azam and Malfatti, 2007) 
 
 
图 1.2 参与海洋碳循环的主要生物过程（生物泵与微型生物碳泵）(Jiao et al., 
2010) 
Fig. 1.2 Major biological processes involved in carbon cycling in the ocean 





















个体较大的其他生物类群高若干数量级（图 1.4）(Pomeroy et al., 2007)。 
 
 
图 1.3 海洋真光层中浮游生物的生物量和表面积占总量的比例(Pomeroy et 
al., 2007) 
Fig. 1.3 Distribution of biomass and calculated surface area (expressed as a 
percentage of total) for planktonic trophic groups in the euphonic zone of the 
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